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John W. Logan, Jr., Wilkinsburg, Pa., assignor to
The Westinghouse Air Brake Company, Wil-
merding, Pa., a corporation of Pennsylvania

Application November 7, 1933, Serial No. 696,993

31 Claims.

This invention relates to a vehicle braking sys-
tem, and more particularly to such a system in
which the braking effect is produced by the oper-
ation of an electro-dynamic brake combined with
a fluid pressure friction brake.

In the braking of a high speed train, a desir-

able type of brake to employ is a brake of the elec- -

tro-dynamic type, such as the brake known as the
“eddy current” brake, because with an electro-
dynamic brake high braking effort can be obtained
at high train speeds without severe shocks due to
an excessive rate of retardation as the speed of
the train decreases, such as is characteristic of
the well known friction brake. Furthermore, this
high braking effort is obtained with an electro-
dynamic brake without the friction and wear in-
cident to the use of a friction brake. :

However, as the vehicle speed decreases, the
electro-dynamic brake becomes less and less ef-
fective, until at zero speed the electro-dynamic
brake would have no retarding effect. It is there-
fore desirable to supplement the electro-dynamic
braking effect by the braking effect of a friction
brake, so that at low vehicle speeds the friction
brake will act to provide the desired braking ef-
fect until the vehicle has been brought to a stop.

It is a general object of this invention to pro-
vide a dual braking system of this general type,
and control means in conjunction therewith, for
effecting an application of the electric brake at
relatively high speeds and which automatically
releases the electric brake and simultaneously ap-
plies the friction brake at relatively low speeds,
in such a manner as to bring a vehicle to a stop
quickly without appreciable shock.

Another object is to provide means for effecting
concurrent application of both the electric and
friction brakes at any speed for making emer-
gency stops.

A further object is to provide a manually op-
erated fluid pressure controlling means for apply-
ing the brakes in a system such as heretofore re-
ferred to, in which the application of both brake
equipments is made in accordance with fluid pres-
sures established by the controlling means.

A yet further object is to provide an interlock
means between an electric brake equipment and
a fluid pressure brake equipment which acts in
accordance with the effectiveness of the elec-
tric brake to prevent application of the fluid pres-
sure brake so long as the electric brake is ef-
fective, and to automatically release the electric
brake when it hecomes less effective, and to simul-
taneoucly cause the fluid pressure brake to be ap-
plied with substantially the same braking force

(Cl. 303—3)

as' the electric brake, so that a vehicle may be
brought quickly and smoothly to a stop.

Other important objects and advantages will
be apparent from the following description taken
in connection with the attached drawings, in §
which

Fig. 1 is a schematic and somewhat diagram-
matic view of one ‘embodiment of my invention.

Fig. 2 is a diagrammatic view in section of &
brake valve device forming a part of this embodi- 10
ment.

Fig. 3 is a view, in section, of a foot pedal con-
trol device.

Fig. 4 is a plan view along the line 4—4& of
Fig. 3.

Fig. 5 is an elevation, partly in section, showing
one form of combined friction brake and electric
brake of the eddy current type, associated with the
drive shaft of a vehicle motor. ,

“Fig. 6 is an end view.of the structure in Fig. 5 g¢ -
as viewed from the right.

Referring now principally to Fig. 1, the embodi--
ment illustrated comprises a brake valve device {1
operatively associated with a foot pedal control
device 10 to control the supply of fluid under pres- o5
sure from a suitable source, such as a main res-
ervoir 12, to effect an application of the brakes in
both a fluid pressure brake equipment and an elec- -
tric brake equipment.

The fluid pressure brake equipment includes g4
brake cylinders (4 adapted to actuate a friction
brake of a vehicle, such for example as a brake of -
the drum type shown in Figs. 5 and 6.

The electric brake equipment is preferably of
the electro=dynamic type, such as the eddy cur- g3,
rent type illustrated, which is provided with an
exciting winding 15, which initiates the braking,

a current regulating rheostat 16 in series with the
winding 15, and a fluid pressure actuated device

11 for actuating the rheostat in accordance with 4o
fluid pressures supplied by the brake valve de-
vice 1.

Interlock apparatus for preventing concurrent
application of the brakes of the two brake equip-
ments for one condition of the control apparatus, 45
and to effect concurrent operation for another
condition may include a magnetically operated
valve device 18, Bourdon tubes {9 and 20, a check-
ing relay 21, and checking or secondary windings
22 forming a part of the eddy current brake equip- 50
ment.

If a fluid pressure brake of the drum type is
used an electro-dynamlc brake of the eddy cur-
rent type may be assembled therewith so as to use
a common brake drum member 23, as shown in 65
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Figs. 5 and 6. The brake drum 23 is rigidly se-
cured to the drive shaft 24 of a vehicle motor 25,
and preferably has an annular braking portion 28
of magnetic material with axially extending slots
26 on the inner periphery thereof , the braking por-
tion 28 being suitably secured to a hub portion 29
of non-magnetic material, for a purpose which
will appear presently.

As shown in Fig. 6, each brake cylinder 44 con-
tains a piston 30 operatively connected to a brake
band 32 adapted to frictionally engage the brake
drum 23. A release spring 3! acts on piston 30
to normally maintain the parts in release posi-
tion, and the piston 30 is operated by fluid under
pressure supplied thereto through pipe 150 to
cause the brake band 32 to frictionally engage the
brake drum 23.

The eddy current brake may have its exciting
winding 15 disposed on a magnetic core member
33 mounted within but relatively stationary with
respect to the brake drum 23. The core member
33 preferably has pole faces 34 corresponding to
but spaced from the inner peripheral surface of
the brake drum 23, and is supported from the
frame of the vehicle motor 25 by brackets 35 pref-
erably of non-magnetic material. The heretofore
referred to checking windings 22 are disposed in
axially extending slots 36 in the pole faces 34,
as shown.

The eddy current brake shown is applied by en-
ergizing the exciting winding 15, whereupon a
magnetic flux is established having a path from
one pole face 34, across the air gap 27 between
that pole face and the brake drum, around the
two halves of the magnetic portion 28 of the brake
drum in parallel, across the other air gap 21, to
the other pole face 34, and thence into the core
member 33 back to the first pole face. By making
the brake drum hub portion 29 and the core sup-
porting brackets 35 of non-magnetic materials
substantially all of the flux produced by the en-
ergized winding 15 is confined to this path. If
the brake drum is rotating, eddy currents will
be generated in the magnetic portion 28, and
these eddy currents react with the flux produc~
ing them to retard rotation of the drum and
hence brake the vehicle with which it is asso-
ciated.

When the brake drum is rotating there is a
variation in the flux across the air gaps 21 when-
ever the slots 26 in the magnetic portion 28 of the
drum pass across the pole faces 34. This varia-
tion, which is periodic, causes a similar change
in the flux cutting the checking winding 22, and
there is therefore induced in the checking wind-
ing an E. M. F. proportional to the frequency of
these changes, which is in turn proportional to the
speed of the vehicle. Since the eddy currents gen-
erated in the drum and effective in braking the
vehicle are also proportional to the speed of the
vehicle, the E. M. F. induced in the checking wind-
ings may be used for control purposes as an indi-
cation of the effectiveness of the eddy current
brakes, as will more fully hereinafter appear.

In Fig. 1 there is diagrammatically indicated,
by way of illustration, fluid brake cylinders and
eddy current brake windings for four such com-
bined brakes, corresponding to_ four driving mo-
tors, but it will be apparent that ‘any other similar
arrangement may be used.

The eddy current brake exciting winding (5
is ¢nergized from a source of current supply as by
a trolley 37 and a ground connection 38, which may
be a vehicle track, third rail, or the like, and re-
ceives current therefrom through conductors 39.

2,012,74

The exciting windings may or may not be inter-
connected, as desired, the series-parallel arrange-
meg,t shown in Fig. 1 being an example of one ar-
rangement that may be used.

The degree of application of the eddy current
brakes is controlled by varying the current in the
exciting windings 15 by means of a rheostat such
as that shown at 16. Varying the current supplied
varies the flux produced. The variations of this
current are made to correspond with variations
in fluid pressures controlled by the foot pedal con-
trol device 10, as will be evident presently. A cir-
cuit breaker 42 is provided with contacts 43 in
series with the exciting windings (5 to automati-
cally connect and disconnect the windings to the
current supply at proper times as will hereinafter
be described.

For controlling application of the brakes a foot
pedal control device 10 .of the type shown in Figs.
3 and 4 may be used. This device is provided with
a foot pedal 44 having a heel portion 45 and g
toe portion 46. The foot pedal is rotatably held
between parallel arms 47, as at 48. ‘The parallel

-arms 47T are rigid with a hub member 49 pivotally

mounted on a pin 52 supported in a frame or
housing 53, so that the foot pedal is rotatable
about the pin 52 by pressure on the heel portion
45 and rotatable about the pivot 48 by pressure on
its toe portion 46.

A pilot valve device 54 is adapted to control
the admission and release of fluid under pressure
to and from a piston chamber 123 of the brake
valve device (1, for g purpose to be hereinafter
described, and comprises valves 59 and 60 con-
tained in a valve chamber §5. The valve 60 is
provided with a stem 66 adapted to be engaged by
an arm 65 rigid with the hub member 49, and
when unseated the valve 60 permits the venting of
fluid under pressure from the valve chamber 55
and piston chamber {23 through passage 124 and
bipe and passage 58 to the atmosphere by way of
the port §7. The valve 59 controls the supply of
fluid under pressure from supply pipe 56 to valve
chamber §5, and with the valve 60 held normally
seated by a spring 63, the valve 59 permits the
flow of fluid under pressure to valve chamber 55
and thence through pipe and passage 58 to piston
chamber 123. In Fig. 3 the foot pedal is shown
in the position when its heel portion 45 has been
depressed. :

The foot pedal 44 has movable therewith about
the pivot 48 an extension arm 87 pivotally con-

" nected to one end of a drive rod 68 having its other

end pivotally connected to a bell crank 69. The
bell crank 69 may be suitably mounted at any
convenient point and is connected with an oper-
ating lever 12 associated with the brake valve
device {1 by a cable 73. Thus an operator’s heel
pressure controls the pilot valve device 54 while
his toe pressure (or ankle movement) controls
the brake valve device 1,

The drive rod 68 is provided with a collar 14
rigidly secured thereto and adapted to engage
and compress a spring 15 in a cage 16 after a
predetermined “free” or unopposed movement
of the foot pedal 44 about the pivot 48. As will
appear later, the free or unoppaosed travel of the
foot pedal represents its range for controlling the
degree of application of the brakes for making
normal stops, and the .furtl_ler travel against
opposition of the spring 15 répresents its range
for making emergency stops.

The brake valve device I is preferably of the
self-lapping type and, as shown in Fig. 2, is simi-
lar to that illustrated and described in the co-
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pending application of David W. Lloyd for Safety
car equipment, Serial No. 698,242, filed November
16, 1933. .

As illustrated in the present application the
device comprises a casing 18 composed of a plu-
rality of sections assembled together and defining
a pressure chamber 80. The pressure chamber 80
is constantly in communication with a pipe 13 by
way of a passage 8f. A supply valve chamber 82
is in constant communication with the main
reservoir 12 by a pipe and passage 83. The
chamber 82 contains a supply valve 84 urged
toward a seated position by a spring 85 and
adapted to control communication between the
supply valve chamber 82 and the pressure cham-
ber 80.

The casing 18 has therein a cylinder 8§ with
one end opened to the chamber 80 and operatively

"mounted in the cylinder is a movable piston 87

having a guiding element 88 slidably interfitting a
beore 89 in the end of which is an adjusting screw
82. The piston 87 is subject on one side to fluid
pressure in the chamber 80 and on the other side
to pressure from a spring 93 contained in a
chamber 94 which is constantly in communication
with the atmosphere through a pipe and pas-
sage 95.

- The piston 87 is provided with a valve chamber
96 interiorly thereof in constant communication
with the pressure chamber 80 through passage 19
and containing a release valve 97 urged away
from its seat by a spring 98. The release valve 81
controls the venting or release of fluid under pres-
sure from the chamber 80 to the atmosphere by
way of passage 19, valve chamber 86, passages 99,
chamber 94 to the exhaust pipe and passage 95.

For controlling the operation of the supply angd
release valves 84 and 97, respectively, & mecha-
nism is provided comprising spaced levers (02
having a roller 103 rotatably held between their
upper ends and having their lower ends pivotally
connected to a rod 106 as by a pin {05. The
rod (06 has its free end slidably disposed i{n a
recess 107 in the supply valve 84. Intermediate
their ends the levers 102 are pivotally secured,
es at 108, to a floating pivot carrier (09, slid-
ably guided in a bore {12 and a lug (13.

For actuating the floating pivot carrier {09
there is provided an intermediate lever 114 freely
disposed on a shaft {15 rotatably journaled in the
casing 78. The shaft (15 has rigidly secured
thereto the heretofore referred to operating lever
72 and a lug element §16 having a finger ({7
overlying the intermediate lever {14, so that when
a pull is exerted on the heretofore referred to
cable 13, the operating lever 12 is rotated in a
clockwise direction against opposition of a spring
118 to cause the finger 1171 to engage the inter-
mediate lever ({4 to move the floating pivot
carrier 109 to the right. The finger 111 is of such
a design as to permit the intermediate lever 114
to be rotated in a clockwise direction by other
means. as by pressure on its lower end (9 from
the right.

An emergency device (22 forms a part of the
brake valve device 1 for controlling the oper-
ation of the supply and discharge valves during
certain emergency conditions. This device com-
prises a piston chamber 123 having constant com-
munication with the chamber 55 of the heretofore
described pilot valve device 54, by the heretofore
referred to passage (24 and pipe and passage 58.
within the piston chamber (23 is disposed a
movable piston (25 urged to the left by a spring
126 acting upon a collar 128 secured to the piston

3

rod 121. The piston rod 127 may connect with
the piston 126 in the manner shown. The piston
$25 is urged to the right against opposition of
the spring (28 when fluid under pressure is sup-
plied to the chamber (23, as when valve 59 in
the pilot valve device 54 is unseated.

When the fluid pressure in the chamber 123 is
reduced the piston 125 will be moved to the left
by the spring 126 and this movement is made to
cause the intermediate lever (14 to rotaie in a
clockwise direction by engagement of a latch
block 128. secured to the piston rod {21, with the
lower end (19 of the intermediate lever.

This movement of the piston 125 is limited by
engagement with a magnetically controlled stop
132 also disposed in the chamber 123 and having
a supporting plunger rcd 133 slidable in a stuffing
gland 134 in one end of the chamber (23. The
plunger rod 133 may pass through the hollow
core of an electro-magnet 135 and terminate in
an armature 36 adapted to be attracted toward
the electro-magnet 135 against non-magnetic
stops 131. The electro-magnet 135 is preferably
constantly connected to the trolley 37 by a con-
ductor 138 and to a ground connection {39, the
essential characteristic being that the electro-
magnet {35 be energized at all times that power
is available to operate the vehicle. When the
electro-magnet 135 i{s energized the piston may
be moved to the left until it engages the stop 132,
and this movement is made such that the rota-
tion of the intermediate lever | {4 caused thereby
is the same as caused by depressing the foot pedal
toe portion 45 until the collar 74 on the drive
rod 68 just engages but does not compress the
spring 16. When the electro-magnet 135 is not
energized, as when power fails or the trolley
comes off, the piston 125 may move fto the left
to cause rotation of the intermediate lever (4
corresponding to that caused by a movement of
the foot pedal which compresses the spring 15,
i. e., an emergency operation of the brakes.

The entire brake valve device {1 may be sup-
ported from a convenient surface by a bracket
142, :

For controlling the operation of the rheostat
18 in accordance with fluld pressures established:
in supply pipe 13, I provide a pressure actuated
device IT comprising a flexible diaphragm 143
mounted in an enclosing casing (44 connected
with the supply pipe 13. Filuid under pressure
from pipe 13 will enter chamber 140 at one side
of the diaphragm {43 actuating the bell crank
145 through the rod (86 to cause carbon discs
t41 in the rheostat to be compressed and thus
vary the current supplied to the exciting wind-
ings 15 of the eddy current brakes. While I have
shown a specific type of rheostat and one ar-
rangement for operating it I do not wish to be
limited to any specific means for varying the cur-
rent supplied the exciting windings {5 in accord-
ance with the fluid pressure in pipe 13.

The magnet valve device 18, forming part of
the interlock mechanism, comprises a casing {48
having a valve chamber 149 in constant commu-
nication with the fluid brake cylinders (4 by pipes
150, The chamber (49 contains a double beat
valve 152 urged toward an upper seat by a spring'
153 and toward a lower seat by energization of
an electro-magnet (54 attracting an armature
{51 in the end of a valve stem {41. The double
beat valve 152 coacts with the upper seat to con-
trol communication between the chamber {43
and chamber (5% which is in communication
with the atmosphere by passage {56, while it si-
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multaneously coacts with the lower seat to control
communication between chamber (49 and sup-
ply pipe (3. )

For controlling the opening and closing of the
circuit breaker 42 for deenergizing and energiz-
ing, respectively, the electric brake exciting
windings {5 in accordance with fluid pressures, I

" have provided a pressure actuated device in the

10

20.

form of Bourdon tube 20 connected to the supply
pipe 13. This tube may have a stationary con-
tact 187 connected to a source of current supply,

. as a battery: 159, and a movable contact 158 con-

nected to a slow-release relay 160 in series with
the actuating winding of the circuit breaker 42.

. The other terminal of the circuit breaker wind

ing’is connected to the opposite pole of the bat-
tery 159." The Bourdon tube 20 is preferably de-

) signed to be actuated by relatively low or initial

fluid pressures in pipe 3 to open contacts 157 and
158 to deenergize circuit breaker 42 and thereby
close contacts 43 to energize the electric brake
exciting windings (5. )

To maintain energization of the exciting wind-

. ings 15 as long as the electric brakes are effec-

tive in stopping the vehicle quickly, I provide a

checking relay 21 connected to the checking
windings 22 of the electric brakes, as shown, and
adapted to be energized therefrom sufficiently to
open contacts 163 normally closed when check-
ing relay 21 is deenergized. One of the contacts
163 . is preferably connected to one terminal
of .the .circuit breaker 42 through the con-
tacts 165 of the slow-release relay 160 and a re-

‘sistance device 165 having a resistance value sub--

stantially equal to that of the slow-release relay

- winding. The other of the contacts (63 is prefer-

’ -ably connected to the battery 158 through con-

40

tacts 166 of a quick-release, slow pick-up, no

- power relay {67, which is connected to the trol-
ley- 31 .and. ground connection 38, as shown.

When the electric brakes are brlngmg the vehicle

. to a stop according to a predetermined rate the

checking relay 2{ will be sufficiently  energized

45

55

60
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to open contacts 163, thereby preventing opening
of circuit breaker contacts 43. The slow-release

.relay 160 is preferakly of such a design that upon
deenergization thereof, as by opening of contacts

157 and (58 of Bourdon tube 20, the contacts 164
are not closed until the electrlc brakes are func-
tioning and checking relay 21 is energized. If
the speed of the vehicle is so low that the electric
brakes are ineffective relay 21 will not be ener-
gized and circuit ‘breaker 42 will open contacts
43 to deenergize the exciting windings 5.

To control the application of the fluid pressure

‘brakes in accordance with the application of

the electric brake I have provided contacts 168
in connection with checking relay 2{ and in se-
ries with the electro-magnet 154 of the magnetic
valve device I18. These contacts 168 are adapted
to be closed when checking relay 2f is energized,
i. e., when the electric brakes are effective, to
prevent concurrent application of both the fluid
and electric brakes, except for an emergency
condition to be described later. When contacts
168 are closcd the electro-magnet {54 is ener-
gized from the battery (59 through the circuits
shown, contacts 169 and (10 of the Bourdon tube
19 being closed, except for an emergency con-
dition to be described presently. When the elec-
tro-magnet 154 is energized the double beat valve
152 is seated in its lower position to cut off the
supply of fluid under pressure to and vent the
brake cylindérs (4. Thus when the electric
brakes are effective the fluid pressure brakes are

2,012,747

ineffective, but are applied simultaneously with
the release of the electric brakes.

To provide for concurrent application of both
the electric and fluid brakes for making emer-
gency stops I have provided and connected the
Bourdon tube (8 to the supply pipe 13, as shown,
and connected its contacts 169 and (70 as al-
ready described. This Bourdon tube is designed
to be actuated by higher fluid pressures in pipe
{3 than are used in making normal stops, so that
contacts i69 and 170 are opened to deenergize
electro-magnet (54 of the magnetic valve device 18
to cause the double beat valve (52 to seat in its
upper position and thereby permit fluid under
pressure to be supplied to the brake cylinder (4.
Thus both fluid and electric brakes are applied
in making an emergency stop from speeds where
the electric brakes are effective.

In operation, when. current is supplied from
the track and trolley to a vehicle embodying the
apparatus shown and connected as in Fig. 1, and
pressure has been applied to the heel portion
45 but not the toe portion 46 of the foot pedal
44, the condition of the apparatus will normally
be as there shown; wherein no power relay (67
is energized clesing contacts (66; circuit breaker
42 is energized in series with slow-release relay
160, opening contacts 43 and 164, and thereby
preventing energization of the electric brake ex-
citing windings 15; checking relay 21 is deener-
gized, whereby contacts (63 are closed and con-
tacts 168 are open preventing energization of
electro-magnet 154 of the magnetic valve device

“18; and the electro-magnet 135 of the emergency

device 122 is energized to position the stop 132
to its extreme right position. These conditions
may obtain with the vehicle at rest or while
running. ‘

When the vehicle is running, the operator
maintains the heel portion 45 of the foot pedal
depressed so that the arm 65 is held out of con-
tact with the valve stem 66. The valve 59 will
then be held unseated by fluid pressure from
the main reservoir 12, while the valve 60 is main-
tained seated by the spring 63. As a result, fluid
under pressure is supplied from the main reser-
voir 12 through pipe 56. past the open valve 59
to pipe and passage 58, thence to piston chamber
123 of the emergency device. The piston 125 is
therefore normally held in the position shown in
Fig. 2 by fluid pressure in the piston chamber
123, against the pressure of spring (26.

When it is desired to make a normal stop from
a running condition the operator depresses the
toe portion 46 of the foot pedal. This in turn
causes a pull on the cable 13 rotating the levers
12 and (14 of the brake valve device in a clock-
wise direction. Rotation of lever {14 pushes the
floating pivot carrier 109 to the right.

It is to be understood that the supply valve
spring 85 and the release valve spring 98 are
of such design that they offer less resistance than
does the piston spring 93. Also, the spring 98
offers less resistance than does spring 85, so that
upon movement of the pivot carrier 109 to the
right the levers 102 rotate about their pivot (08
to first compress spring 98 and thereby seat re-
lease valve 87 to close communication between
pressure chamber 80 and the atmosphere, and
to subsequently compress spring 85 to unseat
supply valve 84 to bring pressure chamber 80
into  communication with supply valve chamber
82 and hence have fluid under pressure supplied
thereto. During this cperation of the supply and
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release valves, piston spring 93 is not appreciably
compressed.

Fluid under pressure supplied to chamber 80
by the opening of supply valve 84 flows to the
pipe 13 and if the double beat valve 152 of the
magnet valve device (8 is at its upper seat would
also flow to the brake cylinders 14 through pipes
150. ¥Icwever, the Bourdon tube 20, which is
actuated by initial or low fluid pressures, opens
contacts 158 and 151, whereupon circuit breaker
42 is deenergized closing contacts 43 and thereby
energizing the electric brake exciting windings
{5. Assuming the speed of the vehicle to be high
enough, upon energization of the cxciting wind-
ings {5 the checking windings 22 have an E. M. F.
induced therein, as heretofore described, suffi-
cient to energize the checking relay 21, thus
closing contacts {68 and energizing the electro-
magnet {58 of the magnet valve device 18. Ener-
gization of electro-magnet {54 causes the double
beat valve 152 to seat in its lower position, clos-
ing off communication between the supply pipe
{2 and the brake cylinders (4, and at the same
time opening pipes 150 to the atmosphere
through ports (56.

Opening of contacts 158 and 157 of Bourdon
tube 20 also deenergizes slow-release relay 160
but the contacts (64 are not closed until the
electric brakes function and checking relay 2{
is encrgized, thereby opening contacts 163 and
thus preventing energization of circuit breaker
42, as has been already described.

Fluid under pressure in pipe 13 also flows to
the pressure actuated device IT and acts upon
its diaphragm 143 to cause the rheostat carbon
dises (47 to be compressed and thus permit a
higher current to flow to the exciting windings
15, increasing the effectiveness of the electric
brakes.

The operator depresses the toe portion 46 of
the foot pedal to the extent corresponding with
the braking force desired, and when the fluid
-pressure in chamber 80 of the brake valve device
has been increased to the desired degree, it will
act upon the piston 87 to overcome the resistance
of the spring 93 to move the piston to the right,
permitting the supply valve 84 to be moved by
its spring 85 toward its seated position so as to
cut off further supply of fluid under pressure to
chamber 80. Thus the fluid pressure in cham-
ber 80, and hence that supplied to the pipe I3,
is at all times in accordance with, or propor-
tional to, movement cf the toe portion of the
Since the current supplied to the
electric brake exciting windings 15 is regulated by
this same pressure, through the pressure actu-
ated device 17 and the rheostat 16, it follows.that
the electric braking “force” is proportional ta
foot pedal position.

As the vehicle slows down due to the braking
effect of the electric brakes, a low spesed will be
reached where the checking relay 21 will be in-
sufficiently energized and contacts (68 will be
opened and contacts 163 closed. The contacts
164 of slow-release relay 160 will have closed in
the meanwhil2 so that closing of contacts 163 en-
ergizes circuit breaker 42 to open contacts 43 and
thus deenergize exciting windings 15. = The elec-
tric brakes thus become ineffective. Simultane-
ously, the opening of contacts 168 deenergizes
the electro-magnet 154 of the magnet valve
device 18, permitting the double beat valve 152
to seat at its upper position by action of its
spring 153, thus bringing pipes I3 and (50 into
communication and permitting fluid under pres-

-if not already energized.
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sure to be supplied to the brake cylinders (4.
Since the same fluid pressure actuates both the
electric brakes and the friction brakes, the parts
may be designed so that the latter are applied
with substantially the same braking force as that
corresponding to the effect of the electric brakes
when they were released. The vehicle will there-
fore be brought to a stop smoothly and quickly.

In making a normal stop the movement of
the foot pedal 44 is such that the collar 14 on
the drive rod 68 does not compress the spring
75. When it is desired to make an emergency
stop the operator presses the foot pedal a suffi-
cient amount to compress the spring 15. This
movement actuates the intermediate lever (14
of the brake valve device {1 through its maxi-
mum degree of rotation so as to push the pivot
carrier (08 inwardly far enough to open wide
the supply valve 84, so as to permit the build
up of fluid pressure in the chamber 80 to the
maximum degree permitted by the operation of
the brake valve device. This higher than nor-
mal, or emergency, pressure acts upon the Bour-
don tube 19 to open contacts 169 and (10 thus
deenergizing the electro-magnet 154 of the mag-
net valve device, or preventing its energization
If the speed of the
vehicle is great enough both the electric and
friction brakes are applied concurrently. Since
both are applied in accordance with the fluid
pressures in pipe 13 they will be applied with
maximum, or emergency, braking force.

It will therefore be seen that the foot pedal
has both a normal travel and an emergency
travel, and that for both of these the proper
application of the brakes is automatically taken
care of.

If the operator should remove his foot from
the foot pedal, either by accident or design, the
arms 471 are rotated by the force of springs 64,
so that lever 65 engages the valve seat 66 teo
unseat the valve 60 and seat the valve 59. The
supply of fluid under pressure to cylinder (23
of the emergency device 122 is thus cut off and
the cylinder is vented to the atmosphere past the
unseated valve 60. Piston (25 is therefore moved
to the left by spring 126 until it engages the
stop 132. This movement causes latch block (29
to engage the end 119 of lever 114 to actuate
the supply and release valves 84 and 98 to cause
the brakes to be applied as when making a nor-
mal stop.

If at the same time the operator removes his
foot from the foot pedal the electric power is
cut off, as by failure of power, the trolley com-
ing off, etc., the electro-magnet 135 of the emer-
gency device 122 is deenergized, so that the stop
132 does not limit the travel of the piston 125
and it may move further to the left. The latch
block 129 then rotates the lever {14 through the
same swing as when applying the brakes for
making an emergency stop. The friction brakes
are therefore applied with emergency braking
force.

If the electric power is cut off while the oper-
ator still has his foot on the foot pedal, or while
he is depressing it to apply the brakes, the no
power relay (671 is deenergized, opening con-
tacts 166 in series with the circuit breaker 42;
checking relay 21 is deenergized due to deenergi-
zation of the exciting windings 15; and electro-
magnet 154 of the magnet valve device 18 is
deenergized. As a result, the electric brakes
become ineffective and the fluid pressure brakes
are applied. The fluid pressure brakes are there-
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fore automatically applied whenever the electric
brakes are released due to fallure of power.
When electric power returns the slow pick-up
characteristic of the no power relay 167 delays
the release of the fluid pressure brakes until the
electric brakes become effective and energize
checking relay 21, by delaying the closure of the
circuit to the circuit breaker 42 through con-
tacts 166. By the time contacts (66 are closed
the checking relay 2t will have been energized by
the checking windings 22, if the speed of .he
vehicle is such that the electric brakes are ei-
fective, and the contacts (68 are thereby closed
to energize electro-magnet 154 to cut off the
supply of fluid under pressure to the brake cyl-
inders (4.

When the vehicle has been brought to a stop it
may be held at rest by depressing the foot pedal
to apply the brakes, or the operator may remove
his foot from the foot pedal in which case the
brakes are applied as heretofore described.

While I have not shown the usual additional
safety devices commonly used in connection with
vehicle brake systems; it will be quite apparent

‘to those skilled in the art that these devices are

- readily adaptable to my brake system without
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material modification of its structure or impair-
ment of its functioning.

In practice I have found that the wearless type
of electric brake illustrated and described herein
may be made effective to dissipate practically all
of the energy of momentum of a vehicle. As one
example, I have found that a vehicle equipped
with my invention may be effectively braked from
a speed of 45 miles per hour down to a speed of
approximately 4 miles per hour by application of
the electric brakes alone, leaving only a small
remaining amount of energy of momentum to be
dissipated by the friction brakes. Since the
energy to be dissipated in stopping such a vehicle
is proportional to the square of its speed, it is ob-
vious that in such a case as described the elec-
tric brakes dissipate over 99% of the stored en-
ergy of momentum.

From the foregoing description it will be seen
that I have provided a combined electric and fric-
tion brake system in which the electric brake
equipment is effective for braking a vehicle at
relatively high speeds, while the friction brake
equipment is effective for braking at relatively
low speeds, both equipments being actuated from
a single manually conditioned fluid pressure con-
trol means and the brakes in both being applied
according to fluid pressures established by this
control means. It will also be seen that I have
provided interlocking means for automatically ef-
fecting successive applications of the electric and
friction brakes when making normal stops, and
for effecting concurrent application of the two
when making emergency stops. It will be seen
further that I have also provided means for ef-
fecting an application of the friction brakes
whenever the electric brakes are released due to
some fault in the electric system or when power
fails.

While one illustrative embodiment of the in-
vention has been described in detail, it is not
my intention to limit its scope to that embodi-
ment or otherwise than by the terms of the ap-
pended claims. ]

Having now described my invention, what I
claim as new and desire to secure by Letters Pat-
ent, is:

1. In a vehicle brake system the combination
of a friction brake, an electric brake operable to
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apply a braking force which diminishes as the
speed of the vehicle diminishes, means for cut-
ting in the friction brake when power supply to
the electric brake fails while the electric brake
is in action, and means for delaying the cutting
out of the electric brake while the friction brake
is in action upon the return of power supply.

2. In a braking system for vehicles, the com-
bination with a friction brake and fluid pressure
controlling means for controlling the pressure of
a fluid under pressure supplied to effect an ap-

. plication of the friction brake, of an electric brake

operable to apply a braking force which dimin-
ishes with the speed of the vehicle, means con-
trolled by the fluid under pressure supplied to
effect an application of the friction brake for
effecting an application of the electric brake, and
means for cutting the electric brake out of action
with a delayed time interval when the speed of

“the vehicle is below a predetermined point at the

time of supply of fluid under pressure to brake the
vehicle.

3. In a vehicle braking system, the combination
with a rotatable braking member, of means for
engaging said member to produce a friction brak-
ing effect, a stator having an exciting winding for
coacting with said member to produce an elec-
trical braking effect, a stationary winding in-
ductively related to said exciting winding and
adapted to have a voltage established therein cor-
responding to the degree of said electrical brak-
ing effect, and means responsive to said voltage
for preventing said first means from operating
while the electrical braking effect is above a
chosen value.

4. In a vehicle braking system, the combination
with a rotatable braking member, of a friction
brake element adapted to engage said member
to produce a friction braking effect thereon, elec-
trical means for producing a magnetic flux in
said member to produce an eddy current braking
effect thereon, means for causing pulsations in
said flux when said rotatable member is rotating,
an auxiliary winding responsive to said pulsations,
and means connected to said winding for control-
ling the operation of the other of said means.

5. In a vehicle braking system, the combina-
tion with a rotatable braking member, of a brake
element adapted to engage said member to pro-
duce a friction braking effect thereon, electrical
means having an exciting winding for producing
a magnetic flux in said member to produce an
eddy current braking effect thereon, an auxiliary
winding inductively related to said exciting
winding-and adapted to have a voltage produced
therein by said flux, and means for automatically
rendering said electrical means ineffective to pro-
duce an eddy current braking effect and said
brake element effective to produce a friction brake
effect when the voltage in said winding diminishes
below a predetermined value.

6. In a vehicle brake system, the combination
with an electri¢ brake device, of switch means
normally energized to prevent operation of said
brake device, means for deenergizing said switch
meansto effect an application of said brake device,
means operating with a time delay interval for
reenergizing said switch means, and means re-
sponsive to operation of said brake device for
preventing said last means from reenergizing said
switch means.

7. In a vehicle brake system, in combination,
fluid pressure brake means, electric brake means
operable to produce a braking effect which di-
minishes at low rotational speeds, a control ele-
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ment manually operable through different de-
grees of movement, means for effecting an ap-
plication of the electric brake means to a de-
gree corresponding to the degree of movement of
said element, and means responsive to operation
of the electric brake means for rendering the
fluid pressure brake means ineffective to produce
a braking effect while the electric brake means
is effective and for simultaneously cutting the
electric brake means out of action and cutting
the fluid pressure mcans into action to a degree
corresponding to the degree of movement of said
element when the effectiveness of the electric
brake means diminishes below a predetermined
value. : i,

8. In a vehicle brake system, in .combination,
fluid pressure brake means, electric brake means
having a rotor and a stator operable to produce
a braking effect which diminishes at low rotation-
al speeds, said stator having a stationary exciting
winding and a stationary checking winding in-
ductively related to said exciting winding, said
checking winding being adapted to have produced
therein voltages corresponding to the braking
effects produced by said stator and rotor, a control
element manually operable through different de-
grees of movement, means for effecting applica-
tion of the electric brake means and the fluid
pressure brake means to a degree corre:ponding
to the degree of movement of said element, and
means responsive to voltage produced in said
checking winding for rendering said fluid pres-
sure brake means ineffective to produce a brak-
ing effect while the electric brakz means is ef-
fective.

9. In a vehicle brake system, in combination,
fluid pressure brake means, electric brake means
having a rotor and a stator operable to produce
a braking effect which diminishes at low rotational
cpeeds, said stator having an exciting winding and
a checking winding inductively related to said
exciting winding, caid checking winding being
adapted to have produced therein a voltage cor-
responding to the braking effect produced by
said stator and rotor, a control element manu-
ally operable through different degrees -of move-
ment, means for effecting application of the elec-
tric brake means and the fluid pressure brake
means to a degree corresponding to the degree
of movement of said element, and means respon-
sive to the voltage produced in said checking
winding for rendering said fluid pressure brake
means ineffective to produce a braking effect while
the electric brake means is effective and for si-
multaneously cutting the electric brake means out
of action and cutting the fluid pressure brake
means into action when the voltage producad by
said checking winding diminishes below a pre-
determined value.

10. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device having
a rotor and a stator operable to produce a brak-
ing effect which diminishes at low rotational
speeds, said stator having a stationary exciting
winding and a stationary checking winding in-
ductively related to said exciting winding, said
checking winding being adapted to have produced
therein voltages corresponding to the braking
effects produced by said rotor and stator, means
for supplying current to said exciting winding,
means for supplying fluid under pressure to said
brake cylinder, electroresponsive valve means
operable when energized to cut off the supply of
fluid under pressure to and operable to release
fluid under pressure from said brake cylinder,
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and means responsive to a predetermined voltage
produced by said checking winding for energizing
said electroresponsive valve means.

11. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device havinz
a rotor and a stator operable to produce a2 brak-
ing effect, said stator having an exciting winding
and an auxiliary winding inductively related to
said exci*ing wnding and being adapted to have
produced therein voltages corresponding to the
braking effect produced by said rotor and stator,
pressure operated means for controlling the de-
gree of energization of said exciting winding,
means for establishing a communication through
which fluid under pressure is supplied to said
brake cylinder, means for connecting said pres-
sure opera’ed means and said communication
means to a source of fluld under pressure, a nor-
mally deenergized magnet valve device operable
when energized to close communication between
the brake cylinder and said.supply and to vent
the brake cylinder to the atmosphere, and means
responsive to a predetermined voltage produczd
in said auxiliary winding for energizing said mag-
net valve device.

12. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device, means
for establishing a communication through which
fluid under pressure is supplied to said brake cyl-
inder, means for supplying fluid under pressure
to said communication, means responsive to a low
value of the pressure of fluid supplied to said
communication for connecting said electric brake
device to a source of current supply, and means
responsive to the effectiveness of said electric
brake device for closing said communication to
the brake cylinder.

13. In a vehicle brake system, in combination,
a brake cylinder, an electric:brake device, means
for establishing a communication through which
fluid under pressure is supplied to said brake
cylinder, a magnet valve device in said communi-
cation operable when energized to close said com-
munication to a supply of filuid under pressure,
means for effecting a supply of fluid under pres-
sure to said communication, switch means adapt-
ed when closed to connect said electric brake de-
vice to a source of power supply, means responsive
to a low value of pressure of fluid supplied fo said
communication for closing:said switch means, and
means responsive to operation of said electric
brake device for energizing said magnet valve dz2-
vice,

14. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device having
a rotor and a stator, said stator having an excii-
ing winding and a checking winding induc'ively
related to said exciting winding and being adapted
to have produced therein voltages corresponding
to the braking effects produced by said rotor and
stator, means for establishing a communication
through which fluid under pressure is supplied
to the brake cylinder, means for suvplying fluid
under pressure to said communication, switch
means adapted when closed to connect said ex-
citing winding to a source of power supply, means
responsive to a low value of pressure of fluid sup-
plied to said communication for effectng clos-
ing of said switch means, time delay means for
subsequently effecting opening of said switch
means, electroresponsive valve means operablc
when energized to close said communication to
said brake cylinder and to vent said brake cylinder
to the atmosphere, and means responsive to volt-
age produced in said checking winding for ener-
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gizing said electroresponsive valve means and for
preventing said time delay means from opening
said switch means.

15. In a vehicle brake system, in combination,
fluid pressure brake means, electric brake means,
a pipe for supplying fluid under pressure to said
fiuid pressure means, means for supplying fluid
under pressure to said pipe, means responsive to
a low vaiue of pressure of fluid supplied to said
pipe for connecting said electric brake device to
a source of power supply, means operative while
zaid electric brake device is effective for closing
communication between said pipe and said brake
cylinder, and means responsive to a high value
of pressure of fluid supplied to said pipe for pre-
venting said last means from closing said com-
munication to said brake cylinder.

16. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device, a pipe
for suppiying fluid under pressure to said brake
cylinder, a circuit for supplying current to said
electric brake device, means for supplying fluid
under pressure to said pipe, means responsive to
a low value of pressure of fluid supplied to said
pipe for ccnnecting said circuit to a source of
power supply, means for regulating the current
supplied to said electric brake device according
to the pressure of fluid supplied to said pipe, valve
means operable to close communication between
said pipe and said brake cylinder, means respon-
sive to operation of said electric brake device for
operating said valve means to close communica-
tion to said brake cylinder, and means responsive
to a high value of pressure of fluid supplied to
said pipe for operating said valve means to open
communication from said pipe to said brake
cylinder.

17. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device, a pipe
for supplying fluid under pressure to the brake
cylinder, means for supplying fluid under pres-
sure to said pipe, normally clozed contacts, means
responsive to a low value of pressure of fluid sup-
plied to caid pipe for opening said contacts, means
responsive to opening of said contacts for con-
necting said electric brake device to a source of
power supply, and means responsive to operation
of said electric brake device for closing com-
munication betwecn said pipe and said brake
cylinder while said clectric brake device is effec-
tive and operable when said electric brake device
decreases in eifectiveness for opening said com-
munication to permit fluid under pressure to be
supplied to the brake cylinder.

18. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device, a pipe
for supplying fluiad under pressure to the brake
cylinder, means for supplying fluid under pres-
sure to said pipe, a first set ¢f normally closed con-
tacts, a first Bourdon tube responsive to a low
value of pressure in said pipe for opening said
first set of contacts, means responsive to open-
ing of said first set of contacts for connecting
said electric brake device to a source of power
supply, a magnet valve dcvice operabie when
energized to close communication between said
pipe and the brake cylinder and when deen-
ergized to open said communication, means re-
sponsive to operation of said electric brake device
for energizing said magnet valve device, a second
set of normally closed contacts adapted when
opened to deenergize said magnet valve device,
and a second Bourdon tube responsive to a high
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value of pressure in said pipe for opening said
second set of contacts.

19. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device having
an exciting winding and a checking winding in-
ductively related to said exciting winding and
being adapted to have produced therein voltages
corresponding to the braking effects produced by
said electri¢c brake device, a pipe for supplying
fluid under pressure to the brake cylinder, means
for supplying fluid under pressure to said pipe, a
first set of normally closed contacts, a first Bour-
don tube responsive to a low value of pressure
in said pipe for opening said contacts, a circuit
breaker operable upon opening of said first set
of contacts for connecting said exciting winding
to a source of current supply, timing means also
respousive to opening of said first set of contacts
for subsequently causing said circuit breaker to
disconnect said exciting winding from said source,
a magnet valve device operable when energized to
clese communication between said pipe and said
brake cylinder and operable when deenergized to
open said communication, means responsive to
voltages in said checking winding abave a prede-
termined value for preventing said timing means
from operating said circuit breaker and for en-
ergizing said magnet valve device, a second set
of normally closed contacts adapted when opened
to deenergize said magnet valve device, and a
second Bourdon tube responsive to a high pres-
sure in said pipe for opening said second set of
contacts. ~

20. In a vehicle brake system, in combination,
an electric brake device operable to produce a
braking effect which diminishes at low speeds,
a circuit for supplying current to said electric
brake device, a circuit breaker for opening and
closing said circuit, means for effecting closing
of said circuit breaker to close said circuit, said
circuit breaker remaining closed upon a failure
of the current supply, means for causing opening
of said circuit breaker after a predetermined de-
layed interval of time upon the return of the
current supply, and means responsive to opera-
tion of the electric brake device for preventing
said opening of said circuit breaker when the
braking effect produced is above a chosen value.

21. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device operable
to produce a braking effect which diminishes at
low rotational speeds, a circuit for supplying cur-
rent to said electric brake device, switch means
for controlling opening and closing of said cir-
cuit, means for supplying fluid under pressure
to the brake cylinder upon deenergization of said
electric brake device due to a failure of the cur-
rent supply and operable upon reenergization of
said electric brake device due to a return of said
current supply for cutting off the supply to and
releasing fluid under pressure from the brake cyl-
inder, and means for opening said switch means
with a delayed time interval upon return of said
current supply when the braking effect produced
by the electric brake device is below a chosen
value. .

22. In a vehicle brake system, in combination,
fluid pressure brake means, electric brake means,
pressure operated means for varying thé degree
of application of the electric brake means, manu-
ally controlled means for effecting a supply of
fluid under pressure to one only of said fluid
pressure brake means and pressure operated
means, and means normally subject to fluid un-
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der pressure and operable upon a decrease of said
pressure below a predetermined value for also
effecting a supply of fluid under pressure to one
only of said fluld pressure brake means and
pressure operated means independently of oper-
ation of said manually controlled means.

23. In a vehicle brake system, in combination,
an electric brake device, a circuit for_connecting
sald brake device to a source of power supply,
pressure operated means for varying the degree
of current supplied to said brake device, a brake
valve device for supplying fluid under pressure
to operate said pressure operated means, manu-
ally operated means for operating sald brake
valve device, and means normally subject to
fluid under pressure and operable upon a decrease

of said pressure below a predetermined value for

actuating said brake valve device to supply fluid
under pressure to said pressure operated means.

24. In a vehicle brake system, in combination,
a brake cylinder, an electric brake device, a cir-
cuit for connecting said electric brake device to
a source of power supply, pressure operated
means for regulating the degree of current sup-
plied to said electric brake device, a brake valve
device for supplying fluid under pressure to the
brake cylinder and to said pressure operated
means, manually operative means for operat-
ing said brake valve device, and safety means
rendered operable upon concurrent release of
manually applied pressure by the operator and
fallure of the power supply for actuating said
brake valve device to supply fluid under pressure
to said pressure operated means and to said brake
cylinder to a maximum degree.

25. In a vehicle brake system, in combination, a
brake cylinder, an electric brake device, a circuit
for supplying current to said electric brake device,
pressure actuated means for varying the degree
of current supplied to said electric brake device,
a brake valve device for supplying fluid under
pressure to sald pressure actuated means and
to said brake cylinder, manually operative means
for operating said brake valve device, and safety
means normally subject to fluid under pressure
and responsive to power supplied to effect an
application of the electric brake device and oper-
able upon a decrease in said pressure and failure
of said power for effecting operation of said brake
valve device to supply fluid under pressure to the
brake cylinder and to the pressure actuated
means,

26. In a vehicle brake system, in combination,
brake means, said brake means being operable
according to the supply of fluid under pressure
thereto, a brake valve device for supplying fluid
under pressure to operate said brake means, ac-
tuating means normally subject to fluid under
pressure and operable upon a decrease in pres-
sure to actuate said brake valve device to supply
fluid under pressure to said brake means to a
maximum degree, and electrically controlled
means for governing movement of said actuat-
ing means to control the degree of fluld under
pressure supplied by said brake valve device.

27. In a vehicle brake system, in combination,
brake means, said brake means being operated

9

according to the degree of fluld under pressure
supplied thereto, a brake valve device operable
manually to supply fluid under pressure to said
brake means, actuating ‘means normally subject
to fluid under pressure and operable upon a de-
crease In pressure to actuate said brake valve
device to supply fluid under pressure to said brake
means to one of two degrees, and an electrically
controlled stop operable when energized to limit
movement of said actuating means to one degree
and operable when deenergized to permit move-
ment of said actuating means to a greater degree.

28. In a vehicle brake system, in combination,
brake means, a control device having a lever piv-
otally mounted at one end and a foot pedal

. pivotally mounted at the other end of said lever,

sald lever being operated by heel pressure on
said foot pedal and said foot pedal being oper-
able relative to said lever by ankle movement of
an - operator, means responsive to movement of
said foot pedal by ankle movement of the op-
erator for effecting an application of said brake
means according to the degree of ankle move-
ment of said foot pedal, means normally subject
to fluid under pressure and operable upon a de-
crease in fluid pressure for effecting an applica-
tion of said brake means to & maximum degree,
and a valve controlled by said lever and oper-
ated upon release of said heel pressure for de-
creasing the fluid pressure acting upon said last
means.

29. In a vehicle brake system, in combination, a
brake cylinder, an electrodynamic brake device
having a rotor and a stator, means for supplying

current to said stator only to produce a braking 3

effect, a magnet valve device operable when de-
energized to open a communication through
which fluid under pressure is supplied to said
brake cylinder and operable at all times when
energized to close said communication and to es-
tablish a second communication through which
fluid under pressure is released from said brake
cylinder, a circuit for supplying current to said
magnet valve device, and a relay connected to
said stator only and operable when energized
above a predetermined degree to close said cir-
cuit.

30. In & vehicle brake apparatus, in combina-
tion, a brake device operable by electric means
and by fluild pressure means for producing a
braking effect on a vehicle, means for produc-
ing a pulsating electrical effect while said vehicle
is in motion, and means responsive to said elec-
trical effect for preventing operation of said
brake device by said fluid pressure means.

31. In a vehicle brake apparatus, in combina-
tion, a brake device operable by electric means
and by fluid pressure means for producing a brak-
ing effect on a vehicle, means for producing a
pulsating electrical effect while sald vehicle is
in motion, and means responsive to said electri-
cal effect for preventing operation of said brake
device by said fluid pressure means, but eftecting
operation of said brake device by said fluid pres-
sure means when said elec‘rical effect ceases.
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